Background: CD133 and Nestin, as the markers of cancer stem cells, have recently been reported frequently in the pathogenesis and development of human gliomas. However, the prognostic role of CD133 and Nestin in gliomas still remains controversial. In this study, we aimed to evaluate the association between the expression of CD133 and Nestin and the outcome of glioma patients by conducting a systematic review and meta-analysis.
Introduction
Glioma is the most common primary brain tumor with the most grade malignancy, although in recent years the diagnosis and treatment of gliomas have made great progress, the prognosis of patients with glioma remains poor [1] . There is an urgent need to find a reliable marker to predict the prognosis of glioma, thereby providing the basis for the choice of a reasonable individualized treatment plan [2] .
Cancer stem cell theory considers that the occurrence of tumors derives from some special cells, these cells are called cancer stem cells with the similar characteristics to embryonic stem cells, such as selfrenewing and unlimited proliferation, multi-directional differentiation and anti-chemoradiotherapy and so on [3, 4] . Due to these characteristics of cancer stem cells, the traditional treatments, such as radiation and chemotherapy, can not effectively remove the cancer stem cells, the remaining tumor stem cells continue proliferation and differentiation, leading to tumor recurrence [4, 5] . There are a variety of markers used to isolate glioma stem cells, CD133 and Nestin are the most commonly used two markers that are widely expressed in various tumor cells, such as malignant glioma, liver cancer, ovarian cancer, colon cancer, lung cancer, etc. [6] [7] [8] [9] [10] [11] . In recent years, a number of studies analyze the relationship between the markers of tumor stem cells CD133, Nestin and prognosis of patients with glioma, but due to differences in research method, sample size and the study population, the findings of a single sample are difficult to extend to the entire population and the obtained conclusions are inconsistent. This study used Meta-analysis method to systematically evaluate the literatures on the relationship between the expression of Nestin, CD133 that were multiple markers involving glioma stem cells and the prognosis of patients with glioma.
Materials and methods

Search strategy and study selection
A systematic literature search of the PubMed and Embase databases was conducted on studies evaluating the effect of the markers of cancer stem cells (CD133 and Nestin) on glioma patient survival. Our search strategy included terms ("Glioma" or "Glioblastoma") and ("CD133 antigen" or "AC133 antigen" or "prominin-1" or "PROML1" or "Nestin") and ("Survival" or "Mortality" or "Prognosis"). The literature search was conducted in 25 December 2014 and updated in 5 January 2015. Furthermore, a manual search of reference lists from the relevant original articles and review articles was also performed for additional relevant publications.
Two independent reviewers (Xia L and Wu B) independently inspected all candidate articles. Discrepancies were resolved by discussion. Studies that met all the following inclusion criteria were included in the review: (i) The diagnosis of glioma was made based on pathological examination; (ii) The association of the expression CD133 or Nestin with OS or PFS about gliomas was reported; (iii) The study provided the direct estimation of hazard ratios (HRs) and there was 95 % confidence intervals (CIs), or the date could be calculated by p values and other data reported. (iv) We included the studies with the largest sample size if the same glioma patient population were found to overlap among publications.
Definitions and data extraction
The OS (overall survival) was defined as the time interval between the medical treatment and the death of patient or the last follow-up. The PFS (progression free survival) was calculated as the time interval between the date of treatment and the detection of the tumor recurrence or death from any cause. Both two reviewers independently carried out data extraction from including studies and any discrepancies were resolved by discussion between the two. The following data were extracted from all including studies: the first author's name, year of publication, country, sample size, patient age, WHO grade, detect method of CD133 or Nestin expression, cut-off level, follow up period, survival analysis and prognostic outcomes (PFS and OS). Any discrepancies were resolved through discussion amongst the authors.
Quality assessment of primary studies
Quality assessment of included primary studies was independently executed by two reviewers (Xia L and Wu B) using the Newcastle-Ottawa Quality Assessment Scale (NOS). NOS scores of ≥6 were defined as high-quality studies. Any disagreement was determined by joint discussion.
Statistical analysis
All analyses were performed by using stata 12.0 statistical software (Stata Corporation, College Station, TX, USA). Hazard ratio (HR) and 95 % confidence intervals (CI) were got directly from each study or from estimation of Kaplan-Meier survival curves according to the methods by Parmer et al. An HR less than one was defined as a better prognosis in glioma patients with IDH mutation, whereas an HR more than one indicated a poor prognosis. We the most powerful one (multivariate analysis was superior to univariate analysis. And the latter one weighted over unadjusted Kaplan-Meier analysis) was chose, if several HR estimates were presented in the same study.
The heterogeneity of the included trials was assessed by the Cochrane's Q statistic for each meta-analysis. We carried out both fixed-effects (Mantel-Haenszel method) and random effects (DerSimonian-Laird method) models and producted the pooled HRs. Thanks to a priory of assumptions about the likelihood of heterogeneity across primary studies, the random-effects model was chosen. In addition, subgroup analyses were performed to investigate the potential causes of heterogeneity according to study country, sample size, patient age, follow-up period, detect method of CD133 or Nestin expression, cut-off level and WHO grade.
Publication bias was first investigated by Funnel plots and then performed for each of the pooled study groups using the Begg's test. All p values were two-sided and the significance level was set at 5 %.
Results
The study inclusion procedure and study characteristics
The selection procedure of the eligible studies was presented in Fig. 1 . In brief, a total of 1153 studies were identified from our initial electronic search. Of these, we eliminated 306 studies owing to overlapping data sets. Of which, 847 abstracts were considered relevant and full texts were reviewed in detail. By the end of the review 13 literatures on glioma [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] (9 CD133 and 6 nestin; 1,490 patients), meeting our inclusion criteria for metaanalysis, were left with sufficient data for extraction.
The baseline characteristics of the literatures enrolled were summarized in Tables 1 and 2 . Thirty two studies were included in those studies including 19 studies investigated the association between CD133 expression and outcome of glioma patients and 13 studies for Nestin. All studies were published between 2008 and 2014. Of these, the majority of the studies were executed in Europe (n = 23). Others were conducted in Asia (n = 8) and USA (n = 1). The total sample size from all studies was 1490 and the sample size was 24-379 patients and the range of medium age was 37.5-60.1 years. Of which, 13 studies evaluated grade II-III gliomas and 17 examined grade IV glioma. HRs and 95 % CI for OS or PFS in 27 studies could be directly extracted and was produced by Kaplan-Meier analysis for the 5 remaining studies. The most frequently used cutoff values for the high versus low/ present versus absent expression of CD133 or Nestin were the median (n = 15) and values calculated by using several semiquantitative methods.
CD133 expression and OS in gliomas
A total of 11 studies were involved in the association between CD133 expression and OS of glioma patients, among which statistically significant heterogeneity was observed (I 2 = 77.8 %). Therefore, a random model was applicable to calculate a pooled HR and 95 % CI, the combined analysis showed that upon comparing patients with a low expression of CD133, patients possessing high CD133 expression had a significantly poorer OS (HR = 1.69, 95 % CI: 1.16 to 2.47; P = .0006) (Fig. 2) .
In order to avoid the influence of heterogeneity, further subgroup analyses were conducted and stratified based on the study origin, sample size, follow up period, patient age, test method, cut-off level and WHO grade. And the results showed that almost the subgroup . Regarding the publication bias in the studies, we found no funnel plot asymmetry. Furthermore, Begger's test was applied to provide statistical evidence for funnel plot symmetry. As expected, the P value of Begger's test was 0.350 (Fig. 3) . Hence, there was no evidence for significant publication bias in the meta-analysis.
CD133 expression and PFS in gliomas
Eight studies provided information concerning the association between CD133 expression and PFS of glioma patients. Similarly, a random model was applicable to calculate a pooled HR and 95 % CI, since significant heterogeneity was observed in the pooled studies (I 2 = 80.5 %). The combined analysis exhibited a significant association between increased expression of CD133 and poor PFS (HR 1.73; 95 % CI, 1.86-2.83, p = 0.027) (Fig. 4) .
Further subgroup analyses were conducted and stratified based on the study origin, sample size, follow up period, patient age, test method, cut-off level and WHO grade. And the results show that increased expression of CD133 predicted a significantly worse OS in following subgroups including sample size ≤ 50, follow up period > media 12 months or no referred median/mean age referred, IHC test and cut-off level not median. However, we did not discover any significant association in other subgroups (Table 3) . Similarly, the results in subtotal analysis stratified by WHO grade of glioma showed that 
Nestin expression and OS in gliomas
Eight eligible studies provided the estimation of the HR and 95 % CI for the correlation between Nestin expression and OS of glioma patients, among which statistically significant heterogeneity was observed (I 2 = 75.8 %). Therefore, a random model was applicable to calculate a pooled HR and 95 % CI and the combined analysis showed that upon comparing patients with a low expression of Nestin, patients with high Nestin expression had a significantly poorer OS (HR = 1.75, 95 % CI: 1.19 to 2.58; P = 0.004) (Fig. 5) .
The subgroup analyses were conducted and stratified based on the study origin, sample size, follow up period, patient age, test method, cut-off level and WHO grade. And the results showed that increased expression of CD133 predicted a significantly worse OS in following subgroups including sample size ≤ 50, follow up period > media 12 months or no referred, median/mean age referred, IHC test and cut-off level not median. However, we did not discover any significant association in other subgroups (Table 4) . Even more important, when in subtotal analysis stratified by WHO grade of glioma, four studies of WHO II-III glioma exhibited a significant association between increased expression of Nestin and poor OS (HR 3.11; 95 % CI, 1.45-6.67, p = 0.004 I 2 = 57.2). However, we did not discover any significant association in subgroups of WHO IV giomas (HR 1.09; 95 % CI, 0.83-1.44, p = 0.518 I 2 = 0.000). The publication bias in the studies was conducted, the funnel plot asymmetry was not found. Then, we applied Begger's test to provide statistical evidence for funnel plot symmetry. As expected, the P value of Begger's test (Fig. 3) . Hence, there was no evidence for significant publication bias in the meta-analysis.
Nestin expression and PFS in gliomas
The combined analysis of the five studies did not exhibit a significant association between increased expression of Nestin and poor PFS (HR 1.55; 95 % CI, 0.96-2.51, p = 0.074) (Fig. 6) .
Further subgroup analyses were conducted and stratified based on the study origin, sample size, follow up period, patient age, test method, cut-off level and WHO grade. And the results showed that increased expression of Nestin predicted a significantly worse OS in following subgroups including sample size ≤ 50, follow up period > media 12 months or no referred, median/mean age referred, IHC test and cut-off level not median. However, we did not discover any significant association in other subgroups (Table 4) . Similarly, the results in subtotal analysis stratified by WHO grade of glioma showed that two studies of WHO IV glioma exhibited a significant association between increased expression of Nestin and poor OS (HR 2.34; 95 % CI, 1.68-3.27, p = 0.000 I 2 = 0.000).
However, we did not find any significant association in subgroups of WHO II-III giomas (HR 1.04; 95 % CI, 0.77-1.41, p = 0.808 I 2 = 0.000). At the same time, no funnel plot asymmetry was found in the studies and the Begger's test did not show any evidence of publication bias (P = 0.221; Fig. 3 ).
Discussion
Cancer stem cells (CSC), a small portion of cell population with the characteristics of stem cells, are present in the tumor tissue. It is the root to form the tumor cells with different degree of differentiation because of a capacity of self-renewing and the multi-directional differentiative potential [1, 3, 25] . At the earliest, CSC is found in the blood system tumors [26] . Recently, with the development of flow cytometry and in vitro tumor formation technology, cancer stem cells have been isolated and identified in a variety of solid tumors [27, 28] . The proposed cancer stem cell theory makes people have a new understanding on the biological behavior of tumors: the tumor is not only a genetic disease, but also a disease of stem cells. Stem cells become cancer stem cells after gene mutations, which is the root of tumor recurrence and metastasis [29] .
Glioma stem cells can be sorted by finding its markers in order to conducted the targeted chemotherapy for glioma stem cells, which can effectively improve the specificity of chemotherapy and reduce the side effects on the normal engine body and cells, thereby finding a new breakthrough for cancer treatment [30] . Recently, the markers of glioma stem cell that are studied more than others include CD133, nestin, HMGA1, A2B5, etc. [31] [32] [33] [34] . It has made some breakthroughs from the continuous in-depth study of these markers, but there is a lot of controversy.
At present, a number of studies have shown that glioma stem cell markers CD133 and Nestin are closely related to the prognosis of patients with glioma, but some individual studies show that there is no clear relationship between CD133, Nestin and the prognosis of patients with glioma. We used Meta-analysis to systematically evaluate the literatures on the relationship between the glioma stem cells markers Nestin, CD133 and the prognosis of patients with glioma in order to accurately and objectively evaluate the application value of CDl33 and Nestin in prognosis of glioma.
The current meta-analysis is the first to systematically estimate the association between cancer stem cell markers and glioma survival. In this study, the results showed that CSCs marker CD133 was associated with worse OS and PFS in glioma patients and Nestin was associated with worse OS but not PFS. Especially, subgroup analysis showed that the overexpression of CD133 had a more significant predictive value for glioma patients with WHO grade II-III, but Nestin for WHO grade IV.
Limitations of this study include: (1) the number of selected cases in the research is too few, especially only Above all, we found that high CDl33 expression may be independent risk factor for glioma patients' prognosis, especially WHO IV gliomas and high Nestin expression may be independent risk factor for glioma patients' prognosis with grade WHO II-III. Based on the current findings, assessing CDl33 and Nestin expression could provide better prognostic information for patients with glioma and be used as a novel therapeutic target. Further large-scale cohort studies are needed to validate our results. 
